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American people and for the primary prevention of disease. By bringing to-
gether the relevant programs, staff, and resources from the U.S. Public
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NOTE TO THE READER

This study was performed under the direction of the National Institute of Environmental Health Sci-
ences as a function of the National Toxicology Program. The studies described in this Technical Re-
port have been conducted in compliance with NTP chemical health and safety requirements and must
meet or exceed all applicable Federal, state, and local health and safety regulations. Animal care and
use were in accordance with the U.S. Public Health Service Policy on Humane Care and Use of Ani-
mals. All NTP toxicology and carcinogenesis studies are subjected to a data audit before being pre-
sented for public peer review,

Although every effort is made to prepare the Technical Reports as accurately as possible, mistakes
may occur. Readers are requested to identify any mistakes so that corrective action may be taken.
Further, anyone who is aware of related ongoing or published studies not mentioned in this report is
encouraged to make this information known to the NTP. Comments and questions about the
National Toxicology Program Technical Reports on Toxicology and Carcinogenesis Studies should be
directed to Dr. J.E. Huff, National Toxicology Program, P.0O. Box 12233, Research Triangle Park, NC
27709 (919-541-3780).

These NTP Technical Reports are available for sale from the National Technical Information Service,
U.S. Department of Commerce, 5285 Port Royal Road, Springfield, VA 22161 (703-487-4650). Single
copies of this Technical Report are available without charge (and while supplies last) from the NTP
Public Information Office, National Toxicology Program, P.O. Box 12233, Research Triangle Park,
NC 27709.
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OH
CHa(CH,) ,CH3

4-HEXYLRESORCINOL
CAS No. 136-77-6
C19H1509 Molecular weight 194.3

Synonyms: 4-hexyl-1,3-benzenediol; 4-hexyl-1,3-dihydroxybenzene

ABSTRACT

4-Hexylresorcinol, which is used as an anthelmintic and antiseptic, was nominated by the National
Cancer Institute for study. Toxicology and carcinogenesis studies were conducted by administering 4-
hexylresorcinol (greater than 99% pure) in corn oil by gavage to groups of F344/N rats and B6C3F;
mice of each sex for 16 days, 13 weeks, or 2 years.

Sixteen-Day and Thirteen-Week Studies: In the 16-day studies, groups of five rats and five mice of
each sex were administered 0, 31.3, 62.5, 125, 250, or 500 mg/kg 4-hexylresorcinol. Survival was not
affected. Decreased body weights were seen for male rats that received 250 or 500 mg/kg 4-hexylre-
sorcinol. No other effects were observed. In the 13-week studies, groups of 10 rats and 10 mice of each
sex were administered 0, 62.5, 125, 250, 500, or 1,000 mg/kg of the chemical, 5 days per week. All rats
and male mice and 9/10 female mice that received 1,000 mg/kg died before the end of the studies.
Final mean body weights of male rats that received 250 or 500 mg/kg were 22% or 38% lower than
that of the vehicle controls; final mean body weights of female rats that received 250 or 500 mg/kg
were 16% or 9% lower. No compound-related gross or microscopic pathologic effects were observed in
rats. No body weight effects were observed for mice. Mild to moderate nephropathy was dose related
in male and female mice.

Based on these results, 2-year toxicology and carcinogenesis studies of 4-hexylresorcinol were con-
ducted by administering 0, 62.5, or 125 mg/kg to groups of 50 F344/N rats and 50 B6C3F mice of each
sex, 5 days per week.

Body Weight and Survival in the Two-Year Studies: Mean body weights of high dose male rats were
T7%-11% lower than those of the vehicle controls throughout the study. Mean body weights of low dose
male and dosed female rats were similar to those of the vehicle controls. The body weights of dosed
male and female mice were comparable to those of vehicle controls except during the last 16 weeks of
the studies, when body weights were 6%-16% lower in the dosed groups. No significant differences in
survival were observed between any groups of rats or mice of either sex (male rats: vehicle control,
30/50; low dose, 29/50; high dose, 33/50; female rats: 28/50; 32/50; 30/50; male mice: 36/50; 26/50;
30/50; female mice: 35/50; 32/50; 35/50).

Nonneoplastic and Neoplastic Lesions in the Two-Year Studies: Two astrocytomas and an oligoden-
droglioma were observed in high dose male rats, a glioma was observed in one low dose male rat, and
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an oligodendroglioma was observed in one vehicle control male rat. These neoplasms were not con-
sidered to be related to 4-hexylresorcinol administration.

Focal medullary hyperplasia of the adrenal gland was observed at increased incidences in dosed male
mice (5/50; 16/50; 10/49). Pheochromocytomas in male mice occurred with a marginal upward trend
(1/50; 2/50; 5/49). Historically, these neoplasms are observed in about 1% of corn oil vehicle control
B6C3F; male mice. The incidences of neoplasms of the harderian gland in male mice were slightly in-
creased over those in the vehicle controls (adenomas or carcinomas, combined: 0/50; 4/50; 3/50).

Decreases were observed in the incidences of mononuclear cell leukemia in dosed male (12/49; 7/50;
1/50) and female (16/50; 3/50; 2/50) rats, hepatocellular adenomas or carcinomas (combined) in dosed
male mice (21/50; 9/50; 9/50), and circulatory system tumors in male (10/50; 4/50; 2/50) and female
(6/50; 2/49; 0/50) mice. These decreased incidences of tumors in rats and mice are considered to be
possibly related to 4-hexylresorcinol administration.

The incidences and severity of nephropathy (male: 39/50; 43/50; 47/50; female: 7/50; 40/49; 47/50)
and incidences of osteosclerosis (male: 5/50; 5/50; 15/50; female: 21/50; 25/49; 40/50) were increased
in both dosed male and female mice and are considered to be related to chemical exposure.

Genetic Toxicology: 4-Hexylresorcinol was not mutagenic for Salmonella typhimurium strains TA98,
TA100, TA1535, or TA1537 with or without S9 metabolic activation. 4-Hexylresorcinol induced for-
ward mutations at the TK locus in mouse L5178Y cells in the presence of S9; no response was ob-
served in the absence of metabolic activation. In cytogenetic assays with cultured Chinese hamster
ovary (CHO) cells, 4-hexylresorcinol caused an increase in the frequency of sister chromatid ex-
changes (SCEs) in the absence of metabolic activation; no induction of SCEs was observed in the pres-
ence of S9. Chromosomal aberrations were not induced in CHO cells with or without metabolic
activation.

Data Audit: The data, documents, and pathology materials from the 2-year studies of 4-hexylresorci-
nol were audited at the NTP Archives. The audit findings show that the conduct of the studies is
documented appropriately and support the data and results given in this Technical Report.

Conclusions: Under the conditions of these 2-year gavage studies, there was no evidence of carcino-
genic activity* of 4-hexylresorcinol for male or female F344/N rats given doses of 62.5 or 125 mg/kg.
There was equivocal evidence of carcinogenic activity of 4-hexylresorcinol for male B6C3F; mice, as
shown by marginally increased incidences of pheochromocytomas (and hyperplasia) of the adrenal
medulla and of harderian gland neoplasms. There was no evidence of carcinogenic activity for female
B6C3Fy mice given doses of 62.5 or 125 mg/kg 4-hexylresorcinol. Decreased incidences of three tumor
types were considered related to 4-hexylresorcinol administration: mononuclear cell leukemia in
male and female rats, hepatocellular neoplasms in male mice, and circulatory system tumors in male
and female mice.

*Explanation of Levels of Evidence of Carcinogenic Activity is on page 8.
A summary of the Peer Review comments and the public discussion on this Technical Report appears on page 11.
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SUMMARY OF THE TWO-YEAR GAVAGE AND GENETIC TOXICOLOGY STUDIES OF
4-HEXYLRESORCINOL

Male F344/N Rats Female F344/N Rats Male B8C3F; Mice Female B6C3F; Mice
Doses

0,62.5,or 126 mg/kg 4-hexyl-  0,62.5, or 125 mg/kg 4-hexyl- 0,62.5, or 125 mg/kg 4-hexyl-  0,62.5, or 125 mg/kg 4-hexyl-
resorcinol in corn o0il § d/wk resorcinol in corn 0il § d/wk resorcinol in corn 0il 5 d/wk resorcinol in corn oil 5 d/wk

Survival rates in the 2-year study

30/50; 29/50; 33/50 28/50; 32/50; 30/50 36/50; 26/50; 30/50 35/50; 32/50; 35/50
Nonneoplastic effects
None None Focal medullary hyperplasia  Nephropathy; osteosclerosis
of adrenal gland; nephropathy;
osteosclerosis

Neoplastic effects

None None Adrenal gland None
pheochromocytomas;
harderian gland adenomas
and carcinomas

Level of evidence of carcinogenic activity

No evidence No evidence Equivocal evidence No evidence
Other considerations
Decrease in mononuclear Decrease in mononuclear Decrease in circulatory Decrease in circulatory
cell leukemia cell leukemia system tumors; decrease system tumors
in hepatocellular adenomas
or carcinomas

Genetic toxicology
Not mutagenic in Salmonella; induced forward mutations in mouse L5178Y cells with 89; did not induce chromosomal aber-
rations in CHO cells; induced SCEs in CHO cells without metabolic activation.
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EXPLANATION OF LEVELS OF EVIDENCE OF CARCINOGENIC ACTIVITY

These studies are designed and conducted to characterize and evaluate the toxicologic potential, including carcinogenic activity, of se-
lected chemicals in laboratory animals (usually two species, rats and mice). Chemicals selected for NTP toxicology and carcinogenesis
studies are chosen primarily on the bases of human exposure, level of production, and chemical structure. Selection per se is not an indi-
cator of a chemical’s carcinogenic potential.

Negative results, in which the study animals do not have a greater incidence of neoplasia than control animals, do not necessarily mean
that a chemical is not a carcinogen, inasmuch as the experiments are conducted under a limited set of conditions. Positive results demon-
strate that a chemical is carcinogenic for laboratory animals under the conditions of the study and indicate that exposure to the chemical
has the potential for hazard to humans.

The National Toxicology Program describes the results of individual experiments on a chemical agent and notes the strength of the evi-
dence for conclusions regarding each study. Other organizations, such as the International Agency for Research on Cancer, assign a
strength of evidence for conclusions based on an examination of all available evidence including: animal studies such as those conducted
by the NTP, epidemiologic studies, and estimates of exposure. Thus, the actual determination of risk to humans from chemicals found to
be carcinogenic in laboratory animals requires a wider analysis that extends beyond the purview of these studies.

Five categories of evidence of carcinogenic activity are used in the Technical Report series to summarize the strength of the evidence ob-
served in each experiment: two categories for positive results ("Clear Evidence” and “Some Evidence”); one category for uncertain find-
ings ("Equivocal Evidence”); one category for no observable effects ("No Evidence™); and one category for experiments that because of ma-
jor flaws cannot be evaluated (“"Inadequate Study”). These categories of interpretative conclusions were first adopted in June 1983 and
then revised in March 1986 for use in the Technical Reports series to incorporate more specifically the concept of actual weight of evidence
of carcinogenic activity. For each separate experiment (male rats, female rats, male mice, female mice), one of the following quintet is se-
lected to describe the findings. These categories refer to the strength of the experimental evidence and not to either potency or
mechanism.

o Clear Evidence of Carcinogenic Activity is demonstrated by studies that are interpreted as showing a dose-related (i) in-
crease of malignant neoplasms, (ii) increase of a combination of malignant and benign neoplasms, or (iii) marked increase of be-
nign neoplasms if there is an indication from this or other studies of the ability of such tumors to progress to malignancy.

e Some Evidence of Carcinogenic Activity is demonstrated by studies that are interpreted as showing a chemically related in-
creased incidence of neoplasms (malignant, benign, or combined) in which the strength of the response is less than that required
for clear evidence.

e Egquivocal Evidence of Carcinogenic Activity is demonstrated by studies that are interpreted as showing a marginal in-
crease of neoplasms that may be chemically related.

@ No Evidence of Carcinogenic Activity is demonstrated by studies that are interpreted as showing no chemically related in-
creases in malignant or benign neoplasms,

o Inadequate Study of Carcinogenic Activity is demonstrated by studies that because of major qualitative or quantitative
limitations cannot be interpreted as valid for showing either the presence or absence of carcinogenic activity.

When a conclusion statement for a particular experiment is selected, consideration must be given to key factors that would extend the ac-
tual boundary of an individual category of evidence. This should allow for incorporation of scientific experience and current under-
standing of long-term carcinogenesis studies in laboratory animals, especially for those evaluations that may be on the borderline be-
tween two adjacent levels. These considerations should include:

o The adequacy of the experimental design and conduct;

@ Occurrence of common versus uncommon neoplasia;

® Progression (or lack thereof) from benign to malignant neoplasia as well as from preneoplastic lesions;

¢ Some benign neoplasms have the capacity to regress but others (of the same morphologic type) progress. At present, it is impossi-
ble to identify the difference. Therefore, where progression is known to be a possibility, the most prudent course is to assume that
benign neoplasms of those types have the potential to become malignant;

Combining benign and malignant tumor incidences known or thought to represent stages of progression in the same organ or
tissue;

Latency in tumor induction;

Multiplicity in site-specific neoplasia;

Metastases;

Supporting information from proliferative lesions (hyperplasia) in the same site of neoplasia or in other experiments (same lesion
in another sex or species);

The presence or absence of dose relationships;

The statistical significance of the observed tumor increase;

The concurrent control tumor incidence as well as the historical control rate and variability for a specific neoplasm;
Survival-adjusted analyses and false positive or false negative concerns;

Structure-activity correlations; and

In some cases, genetic toxicology.

® 00000

These considerations together with the definitions as written should be used as composite guidelines for selecting one of the five cate-
gories. Additionally, the following concepts (as patterned from the International Agency for Research on Cancer Monographs) have been
adopted by the NTP to give further clarification of these issues:

The term chemical carcinogenesis generally means the induction by chemicals of neoplasms not usually observed, the induction by
chemicals of more neoplasms than are generally found, or the earlier induction by chemicals of neoplasms that are commonly ob-
served. Different mechanisms may be involved in these situations. Etymologically, the term carcinogenesis means induction of can-
cer, that is, of malignant neoplasms; however, the commonly accepted meaning is the induction of various types of neoplasms or of a
combination of malignant and benign neoplasms. In the Technical Reports, the words tumor and neoplasm are used
interchangeably.
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SUMMARY OF PEER REVIEW COMMENTS
ON THE TOXICOLOGY AND CARCINOGENESIS STUDIES OF
4-HEXYLRESORCINOL

On March 4, 1987, the draft Technical Report on the toxicology and carcinogenesis studies of 4-hexyl-
resorcinol received peer review by the National Toxicology Program Board of Scientific Counselors’
Technical Reports Review Subcommittee and associated Panel of Experts. The review meeting was
held at the National Institute of Environmental Health Sciences, Research Triangle Park, North
Carolina.

Dr. R.S. Chhabra, NTP, introduced the toxicology and carcinogenesis studies of 4-hexylresorcinol in
rats and mice by reviewing the experimental design, results, and proposed conclusions (no evidence of
carcinogenic activity for male or female rats, equivocal evidence of carcinogenic activity for male
mice, no evidence of carcinogenic activity for female mice).

Dr. Perera, a principal reviewer, was unable to attend the meeting; her written comments were read
by Dr. L. Hart, NIEHS. Dr. Perera agreed with the conclusions for female rats and male and female
mice. She proposed that the conclusion for male rats be changed to equivocal evidence of carcinogenic
activity, based on the occurrence of rare brain tumors: two astrocytomas and one oligodendroglioma
in high dose animals. This incidence exceeded the historical vehicle control incidence as well as that
seen in any corn oil vehicle control male F344/N rats. Dr. Chhabra noted that the occurrence of a
brain tumor in the vehicle control group weakened the case for an association of the tumors with
chemical administration. Dr. S. Eustis, NIEHS, stated that less import could be given to brain tu-
mors of differing cell types than to tumors all of the same cell type. Dr. Hooper felt that the results
still supported a conclusion of equivocal evidence of carcinogenic activity. Dr. Scala asked that there
be more discussion of this point in the text of the report [see page 511.

As a second principal reviewer, Dr. Capen agreed with the conclusions as written. Commenting on
the conclusion for male mice, he noted that although the mean historical incidence of pheochromocy-
tomas in corn oil vehicle control male mice was only 1.3% (19/1,443), the range was 0% to 10% (5/49).

As a third principal reviewer, Dr. Sivak also agreed with the conclusions as written. His primary con-
cern related to the rationale for selection of the gavage route, given that human exposure is via the
skin. Dr. Chhabra responded that 4-hexylresorcinol is still used as an anthelmintie, given orally in
tablets, and as an antiseptic in lozenges and mouthwash. He said that more emphasis would be given
to the rationale of route selection. Dr. Sivak requested that more information on metabolism and dis-
tribution be included if available.

There was some discussion on the decreased incidences of several tumor types, whether this was re-
lated to the anti-infective properties of 4-hexylresorcinol and the implications for possible antineo-
plastic activity.

Dr. Capen moved that the Technical Report on 4-hexylresorcinol be accepted with revisions discussed
and with the conclusions as written for male and female rats and female mice, no evidence of carcino-
genic activity, and for male mice, equivocal evidence of carcinogenic activity. Dr. Popp seconded the
motion, which was approved unanimously with seven votes.
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OH

OH

CH(CH,),CH3

4-HEXYLRESORCINOL

CAS No. 136-77-6

C12H1802

Molecular weight 194.3

Synonyms: 4-hexyl-1,3-benzenediol; 4-hexyl-1,3-dihydroxybenzene

4-Hexylresorcinol is a white, microcrystalline
solid. It forms needle-shaped crystals with a
melting point of 67.5°-69° C. Its boiling point is
333°-335° C. The chemical has a pungent odor
and a sharp astringent taste. The chemical is
soluble in ether, chloroform, acetone, alcohol,
and vegetable oils; it is slightly soluble in petro-
leum ether and is soluble in water at 1 part to
2,000 (Merck Index, 1983).

Use and Production

4-Hexylresorcinol, a phenolic compound, has
been used as an anthelmintic in human and vet-
erinary medicine. It is used for treatment of
whipworm, hookworm, Ascaris, Oxyuris, and
dwarf tapeworm infestations (Lamson et al.,
1935; Merck Index, 1983; Remington’s Pharm.
Sci., 1975). This drug is not as effective as some
of the newer anthelmintics but has the advan-
tage of low toxicity after oral administration. It
has been useful in mixed parasitic infestation
and also when more selective anthelmintics are
either not available or contraindicated
(Goodman and Gilman, 1970; Goodman et al.,
1985).

The most widespread current use of 4-hexylre-
sorcinol is as an antiseptic. It is an active com-
ponent in antimicrobial soaps, health care
personnel handwashes, preoperative skin prep-
arations, skin antiseptic and wound cleansers,
mouthwashes, and cold and cough preparations
(Remington’s Pharm. Sci., 1985; APA, 1982). 4-
Hexylresorcinol is more effective than phenol as
an antibacterial agent and is less toxic. The
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FDA Advisory Review Panel on Nonprescription
Antimicrobial Drug Products has categorized
this as one of the five over-the-counter drug in-
gredients that are safe and effective for use by
consumers to clean superficial skin wounds
(Hecht, 1978). As an aerosol, 4-hexylresorcinol
can inactivate poliomyelitis III virus and adeno-
virus 3 in air or on wood or glass surfaces
(Slobodenyuk and Karpukhin, 1970).

No production data for 4-hexylresorcinol were
found. Although the 1977 TSCA Inventory re-
ported that the American Hoechst Corporation
had imported 4-hexylresorcinol before 1977, no
4-hexylresorcinol was imported during 1977
(USEPA, 1977).

Toxicity of 4-Hexylresorcinol

Information on the toxicity of 4-hexylresorcinol
is very limited. The LDgg values for mice are re-
ported to be 50 mg/kg by intraperitoneal injec-
tion and 750 mg/kg by subcutaneous injection
(Dittmer, 1959). In rats and guinea pigs, oral
LDgo values of 550 mg/kg and 400 mg/kg,
respectively, have been reported (Lamson et al.,
1935; Anderson et al., 1931). 4-Hexylresor=zinol
is less toxic than resorcinol or phenol. It is irri-
tating to skin and the respiratory system and
causes erosion of gastric and intestinal mucosa
when administered at high concentrations
(Gosselin et al., 1984; Fed. Regist., 1982). One
incident of contact dermatitis related to 4-hexyl-
resorcinol exposure of humans has been reported
(Burrows and Irvine, 1982). In guinea pigs, 4-
hexylresorcinol did not induce delayed contact
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sensitivity when it was tested as one of a series
of resorcinols to determine the relationship be-
tween structure and sensitizing capacity (Baer
etal., 1966).

No information was available in the literature
on studies of reproductive effects of 4-hexylresor-
cinol in laboratory animals. However, this
chemical has been used as one of the constitu-
ents of spermicidal contraceptive preparations
for humans (Boyland et al., 1966). 4-Hexylresor-
cinol was found to be a spermicide when tested
by an in vitro human spermatozoa stripping
technique (Brotherton, 1977).

One third of ingested 4-hexylresorcinol is ab-
sorbed and is excreted via the kidney as ethereal
sulfate conjugates (Goodman and Gilman, 1970;
Goodman et al., 1985). The unabsorbed chem-
ical is excreted unchanged in the feces. (No ex-
perimental details of this study were given.) No
other information on metabolism and disposition
of this chemical was available in the literature.

Genetic Toxicology

Published reports on the mutagenic activity of 4-
hexylresorcinol consist only of data from Salmo-
nella typhimurium microsome assays. Cortinas
de Nava et al. (1983) found no increase in the
number of revertant colonies following incuba-
tion of strains TA98, TA100, TA1535, TA1537,
or TA1538 in the standard plate incorporation
technique of Ames et al. (1975) with or without
metabolic activation from PCB-induced male
Sprague Dawley rat liver S9, with up to 30 ug 4-
hexylresorcinol. When tested in a preincubation
protocol with doses up to 100 ng/plate, 4-hexyl-
resorcinol was not mutagenic in S. typhimurium
strains TA98, TA100, TA1535, or TA1537 in the
presence or absence of metabolic activation from
Aroclor 1254-induced male Sprague Dawley rat
or Syrian hamster liver S9 (Mortelmans et al.,
1986; Appendix E, Table E1).

4-Hexylresorcinol has demonstrated some mu-
tagenic activity in cultured mammalian cells in
NTP studies. It was mutagenic in the mouse
lymphoma L5178Y/TK */~ assay in the presence
of Aroclor 1254-induced F344 rat liver S9 at
concentrations of 5-30 pg/ml; no response was
observed in the absence of exogenous metabolic
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activation (Table E2). Exposure to 4-hexylresor-
cinol at doses up to 50 pg/ml did not produce
chromosomal aberrations in cultured Chinese
hamster ovary (CHO) cells with or without Aro-
clor 1254-induced male Sprague Dawley rat
liver S9 (Table E4). However, in sister chroma-
tid exchange (SCE) assays with CHO cells, the
compound produced a positive response at doses
of 18 and 20 pg/ml in the absence of S9; no in-
crease in the frequency of SCEs was observed in
the presence of S9 activation (Table E3).

A structural analog of 4-hexylresorcinol, olivetol
(5-pentylresorcinol), induced mitotic chromoso-
mal segregational errors seen as abnormal ana-
phase configurations in cultured human lym-
phocytes exposed at § X 10-5 M (Morishima et
al,, 1976a,b). In addition, [3H]thymidine uptake
was significantly decreased in these exposed
lymphocyte cultures (Nahas et al., 1977). The
authors suggest that olivetol may directly de-
crease DNA synthesis and indirectly induce ab-
normal anaphase configurations by inhibiting
protein and RNA synthesis, thereby disrupting
microtubule and spindle formation.

Carcinogenicity of 4-Hexylresorcinol

A single report was found in the literature on
the evaluation of 4-hexylresorcinol for its poten-
tial carcinogenicity. Eight different constitu-
ents of proprietary spermicidal preparations
including 4-hexylresorcinol (1% in gum traga-
canth) were given by intravaginal injection to
groups of 20 BALB/c mice (Boyland et al., 1966).
4-Hexylresorcinol was given twice a week for a
total of 31 weeks. During the observation period
of 20 months, one mouse developed squamous
carcinomata of the cervix or vagina in the 4-
hexylresorcinol-dosed group as compared with
none in the vehicle control group. The authors
concluded that results for carcinogenic potential
of 4-hexylresorcinol were equivocal.

There has been no epidemiologic study to show
the specific relationship between 4-hexylresorci-
nol exposure and carcinogenicity in humans.
Mouthwash use and its correlation to oral cavity
cancer were assessed by means of retrospective
studies in women (Wynder et al., 1983). These
results did not demonstrate an association be-
tween daily mouthwash use and oral cancer.
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Study Rationale

4-Hexylresorcinol is one of six phenolic anti-
septics studied by the NCI/NTP in the past or
under evaluation at present. The other five are
phenol (NCI, 1980), hexachlorophene (NCI,
1978), o-phenylphenol (NTP, 1986), resorcinol,
and cresol. 4-Hexylresorcinol was nominated by
the NCI for study because of widespread human

4-Hexylresorcinol, NTP TR 330
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exposure and a lack of long-term toxicity and
carcinogenicity information.

Short-term (16-day and 13-week) and long-term
(2-year) toxicology and carcinogenesis studies of
4-hexylresorcinol were conducted by gavage in
corn oil. The chemical was administered orally,
since human exposure is predominantly oral.
The gavage route was selected because the
chemical was found to be unstable in feed.
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II. MATERIALS AND METHODS

PROCUREMENT AND
CHARACTERIZATION OF
4-HEXYLRESORCINOL

USP-grade, unformulated 4-hexylresorcinol was
obtained in one lot (lot no. 20818/02) from
American Hoechst Corporation (Summerfield,
New Jersey). Purity, identity, and stability
analyses were conducted at Midwest Research
Institute (MRI) (Kansas City, Missouri). (MRI
reports on analyses performed in support of the
4-hexylresorcinol studies are on file at NIEHS.)
Lot no. 20818/02 was obtained as a white, micro-
crystalline solid with a melting point of 66.5°-
68.0° C. Infrared (Figure 1), ultraviolet/visible,
and nuclear magnetic resonance (Figure 2) spec-
tra were consistent with the literature spectra
(Sadtler Standard Spectra) of 4-hexylresorcinol.

Cumulative data on lot no. 20818/02 indicated a
purity of greater than 99%. Results of elemental
analyses for carbon, hydrogen, and oxygen
agreed with theoretical values. Water content
by Karl Fischer titration was 0.11%. Results of
nonaqueous titration of one phenolic group with
tetrabutylammonium hydroxide indicated a pu-
rity of 100.1%. Thin-layer chromatography on
silica gel plates with a toluene:acetic acid (80:20)
solvent system indicated a major spot and two
trace impurities. Chromatography with an ace-
tone:hexanes (50:50) solvent system indicated a
single spot. Visualization was by ultraviolet
light (254 nm) and a spray of 0.4% 2,6-dibromo-
quinonechloroimide in methanol; plates were
placed in a chamber containing 25% ammonium
hydroxide after being sprayed. Three impurity
peaks with a combined area totaling 0.32% of
the major peak area were detected by high-per-
formance liquid chromatography on a pBonda-
pak C;g column with a mobile phase of 1% aque-
ous acetic acid:1% acetic acid in methanol
(45:55) at a flo